Appl.No. 10/516,405 
Amendment - Dated May 6, 2009 

REMARKS/ARGUMENTS 

In response to the §112 rejection, the claims have been amended to 
specify that the membrane body contains epoxy groups coupled to at least one 
protease inhibitor selected from the group consisting of pepstatin, bestatin, diprotin, 
antipain, chymostatin, leupeptin, E64, TLCK and p-aminobenzamidine. Support for 
these nine protease inhibitors is found at pages 3 and 5-6 of the specification. 

These nine protease inhibitors all contain reactive primary or secondary 
amines, as shown in the table below and as documented by the references enclosed 
herewith that show their chemical structures. 



Inhibitor 


Protease 
Target 


1°/2° Amine Groups 


pepstatin 


acid 


one 2° 


bestatin 


mettalo 


one 1°, one 2° 


diprotin 


metallo 


one 1° 


antipain 


cystein 


two 1°, five 2° 


chymostatin 


cystein 


four 2° 


leupeptin 


cystein 


one 1°, four 2° 


E64 


cystein 


one 1°, three 2° 


TLCK 


serine 


one 1° 


p-aminobenzamidine 


serine 


two 1° 



The significance of this is that it is well known that primary and secondary 
amine groups react with epoxy groups to chemically couple the respective moieties 
containing the epoxy and amine groups. See, for example, March, Advanced Organic 
Chemistry Reactions, Mechanisms and Structures, page 369 (3d Ed 1985) and Schafer 
etai, Organische Chemie, page 1390 (1990), both enclosed . 
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Appl.No. 10/516,405 
Amendment : Dated May 6, 2009 



For the reasons stated, early and favorable reconsideration is respectfully 



solicited. 



Respectfully submitted, 




Dennis E. Stenzel 
Reg. No. 28,763 
Tel No.: (503)278-3304 



CERTIFICATE OF MAILING 

I hereby certify that this AMENDMENT is being deposited with the United 
States Postal Service as first class mail on the date indicated below in an envelope 
addressed to: Mail Stop AMENDMENT, Commissioner for Patents, PO Box 1450, 
Alexandria, VA 22313-1450. 



Date 




Dennis E. Stenzel 
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Nur fur Forschungszwecke. Nicht fur den Gebrauch in der klinisch- 
chemischcn Diagnostik. 



Pepstatin 



Isovaleryl-L-val-L-val-statyl-L-alanyl-statin 

(lsovalery!-L-val-L-val-4-(S)-ami™^ )-amino-3-(S)-hydroxy-6- 

methyl-heptansaure) 

Lyophilisat 



Version 3. August 1999 



Best. Nr. 253 286 2 mg __ 
Best. Nr. 1 359 053 10 mg Stabil bei 2-8* C 

Best. Nr. 1 524 488 50 mg 



Einleitung 



Pcpstaiin ist ein niedermolekuiarer, stark spezifischer 
Inhibitor fur saure Proteasen (im spezieJIen Aspartat- 
Proteasen). Es hat sich gezeigt, daB nahezu alio sauren 
Proteasen inhibiert werden, einschticBlich Pepsin. 
Renin, Calhepsin D, Chymosin, Protease B aus 
Aspergillus niger und Proteasen mikrobischen Urs- 
prungs. Die strenge Spezifitat von Pepstatin fur saure 
Proteasen konntc durch einc Nicht- Inhibierung von 
neutralen und alkoholischen Proteasen nachgowiesen 
werden. 

Proteasen konnen aufgrund ihrer charakteristischen 
aktiven Zentrcn in verschiedene Klassen eingeteilt 
werden: 

a. Serin -Proteasen mit Serin und Histidin im aktiven 
Zentrum 

b. Cystein- Proteasen mit Cystcin (Thiol, SH-) im 
aktiven Zentrum 

c. Metallo-Proleasen mit Melallionen (z.B. Zn 2+ , 
Ca 2 *,Mn 2 *) im aktiven Zentrum 

d. Aspartat -Proteasen mit einem Aspartatsaure-Rest 
im aktiven Zentrum 

Tabelle 1 zeigt eine Aufstellung dieser Protease- 
Klassen und ihren spezifischen Inhibitoren: 



Spezifitat 



Pharmakologische Forschung 
HIV-Forschung (bzgl. inhibitorischer Wirkung auf 
retroviral-codierter Proteasen, z.B. HIV-1) (1) 
Krebsforschung (bzgl. immunstimulierender und 
anti-tumoraler Wirkung) 



Pepstatin hemmt spezifisch Aspartat -Proteasen wie 
z.B. Pepsin, Renin, Cathepsin D, Chymosin und viele 
mikrobische saure Proteasen (2,3). 



Produktbeschreibung 
Struktur 




OH O | OH 



Summenformel C34H63N5O9 



Serin proteasen 


Cystein- 
Proteasen 


Metallo- 
Proteasen 


Aspartat- 
Proteasen 


APMSF* 




Bcslatin* 

(Aminopeptidase) 


Pepstatin* 


Antithrombin Ml* 








a! -Antitrypsin' 

(a r Protease Inhibitor) 


E-64* 


EDTA-Na 2 - 
Phosphoramidon* 




Aprotinin* 






3,4-Dichloroisocoumarin* 








Pefabloc SC* 








Leupeptin* 
(hemmt Serin- und Cystcin- 
Proteasen mit Trypsin-ahnlicher 
Spezifitat) 






PrvlSF* 






Complete 31 Protease Inhibitor Cocktail Tablets* 




a 2 -rvlacroglobulin* (Endoproleinasen) 



Molekulargewicht M r - 685,9 



LOslichkeit 



Loslich in Methanol bis 1 mg/ml, in Ethanol bis 1 mg/ 
ml (uber Nacht). in 6 M Essigsaurc bis 300 ng/mf und 
in DM SO; unloslich in Wasser (waBrige LOsungen 
kann man durch Anlosen in Methanol, Ethanol Oder 
DM SO und anschlieflendes Verdunncn mil Wasser 
erhalten). 



Typische Analyse Funktionsgetestet mit Pepsin (Hemoglobin als 
Substrat) 



Empfohlene 

Arbeitskonzen- 

tration 

Stabilitat 



0.7 jLg/ml (1 u,M) 



Anwendung 



T.bolle 1: PreteaM-Ktassen und deren Inhibitoren 



Schutz von Proteinen bzw. Enzymen wahrend ihrer 

Isolierung und Aufreinigung 

Untersuchung von Enzymmechanismen und 

biologischer Funktionen von Proteasen 

Affinitatschromatographie 

Klassifizierung von isolierten Proteasen 

Strukturforschung 



Wirk- 

mechanismu* 



Das Lyophilisat ist bei 2-6 # .C irocken gelagert stabil. 
Eine waBrige LOsung von Pepstatin kann aliquotiert bei 
-15 bis -25" C mindestens einen Monat gelagert 
werden. 

Pepstatin polymerisiert spontan zu Filamenten. Bei 
niedriger lonenstarke und neutralem pH ist die 
kritische Konzentration daftir 0,1 mM. Bei hoheren 
Konzentrationen wurden auch Strukturen ubergeord- 
neter Ordnung bcobachtet. Diese fuhren u. a. zu einem 
Verlustder Hemmungvon HIV-1 Aspartat -Protease (4). 

Bislang ist die Art und Weise der Hemmung durch 
Pepstatin noch nicht bekannt. Es wird angenommen, 
daB der Statin- Rest von Pepstatin hauptsachlich fur 
die Pepstatin- Hemmung vcrantwortlich ist. Er stetlt 
offensichtlich ein Analogon des Obergangszustandes 
der Protein- Katalysc dar (5). 



OS99 P145i.1743 BOSS* B GPM 
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19759 Ile-Pro-Ile ^97% (HPLC) 
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Image ^ 



CK, NH 2 0 
CH^Ch^CH-CH-C 



CH3 NH 0 
CH^CH^CH-CH-C-OH 
1 Of 1 



Useful Links & Tools 



MSDS 

Specification Sheet 
Certificate of Analysis 

j Enter Lot No. 



Search 



Certificate of Origin 
5 Enter Lot No. [ 



Search 



Neuropeptidases Classification 
(197 KB) 

Neuropeptidases (252 KB) 
Bulk Quote 
Similar Products 



Related Categories 



Peptides for Cell Biology > 
Immunomodulators > AIDS and 
Viral Research 

Immune Cell Signaling and Blood 
> Immune System Regulation > 
AIDS and Viral Research 
Reagents 

Protease Inhibitors > Protease 
inhibitor Specificity Index > 
Dipeptidyl peptidase IV 
Enzyme Inhibitors by Enzyme > D 
to K > Dipeptidyl peptidase IV 
Peptides for Cell Biology > 
Enzyme Inhibitors > Dipeptidyl 
peptidase IV 



19759 lie-Prop 

Sigma ^97%(HPLC), - - : 



Price and Availability 

Click For Pricing and Availability 



Synonyms: 

CAS Number: 

Empirical Formula (Hill 
Notation): 

Molecular Weight: 

MDL number: 

PubChem Substance ID: 



Diprotin A 
90614-48-5 



C l7 H 3 iN 3 0 4 



341.45 

MFCD00038707 
24896160c? 



"Specifications- 



Related Products ^ References 



Description 

Biochem/physiol Inhibitor of dipeptidyl peptidase IV. Inhibits entry a 

Actions lines. 

Properties 

assay ^97% (HPLC) 

storage temp. -20X 

Safety 

WGK Germany 3 

RTECS NR4737000 



Last 5 Products Viewed 
• 19759 (Sigma) 
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A6191 Antipain dihydrochloride from microbial source 
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Image 



NH 



H OyNH 

NH HN V '^Y CH3 
1 Of 1 



Useful Links & Tools 

MSDS 

Specification Sheet 
Certificate of Analysis 

Enter Lot No. 



| Search"] 
Certificate of Origin 

Enter Lot No. | Search [ 
Bulk Quote 

A6191 - Product Information 

Sheet (13 KB) 

Similar Products 

A6191 - Datasheet (81 KB) 



Related Categories 

Antibiotics > Antibiotics by 
Application > Antineoplastic and 
Immunosuppressive Antibiotics 
Protease Inhibitors > Protease 
Inhibitor Specificity Index > 
Calpain 

Enzyme Inhibitors by Enzyme > A 
to C > Calpain 
Peptides for Ceil Biology > 
j Enzyme Inhibitors > Calpain 
• Protease Inhibitors > Protease 
! Inhibitor Specificity Index > 
| Calpain II 

More... 

i 

Last 5 Products Viewed 
• A6191 (Sigma) 



A6191 Antipain dihydrochloride from 



Sigma 



Price and Availability 

Click For Pricing and Availability 



Synonyms: 

CAS Number: 

Empirical Formula (Hill 
Notation): 

Molecular Weight: 

MDL number: 

PubChem Substance ID: 



N-(Na-Carbonyl-Arg-Val~Arg-al)-Phe 
37682-72-7 



C 2 7H44N 10 O 6 -2HCI 



677.62 

MFCD00135957 
24891 067 



Specifications 



Related Products 



References 



Description 



Application 



Preparation Note 



Biochem/physiol 
Actions 



P roperties 

solubility 



Concentrations for 50% inhibition (ug/ml): 

papain, 0.16 

trypsin, 0.26 

cathepsin A, 1.19 

cathepsin B, 0.59 

cathepsin D, 125 

plasmin, >93 

chymotrypsin and pepsin, >250 

It also has been reported to inhibit calpain f, (porcine) w 

Stock solutions in water or buffer stable for 1 week at 4 

Solubility testing at 50 mg/ml in water yields a dear to si 
methanol, water, and DMSO; less soluble in ethanol, bu 
chloroform. 8 A stock solution in water or buffer is stable 

Dilute solutions should be stored on ice and kept for onl 
oxidation and racemization. 

Isolated from a microbial source, antipain hydrochloride 
some trypsin-like serine proteases. Its action resembles 
cathepsin A inhibition is more than that observed with le 



H 2 0: 50 mg/mL 
1-butanol: soluble 
1-propanol: soluble 
DMSO: soluble 
ethanol: soluble 
methanol: soluble 
storage temp. -20°C 



http://www.sigmaaldrichxom/catalog/ProductDetail.do?N4=A 14.04.2009 
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Productlnformation 



CHYMOSTATIN 
Sigma Prod. No. C7268 

CAS NUMBER: 907&44-2 

PHYSICAL DESCRIPTION: 

Appearance: White powder, occasionally with a yellow 
cast. 

Molecular formula: form A, C3iH 4 i0 6 N 7 
with MW= 607.7 

B, MW= 593.7 

C, MW = 607.7 
Chymostatin is a mixture of several components, typically 
79-89% chymostatin A, 12-17% chymostatin B and 5-15% 
chymostatin C. 3 See structures given above. 1,2 

STABILITY / STORAGE AS SUPPLIED: 

Since the product is not tested by Sigma as a protease inhibitor, its shelf-life cannot be readily assessed. 
As for most peptides, it is most stable stored dry and frozen, expected to be stable at least a year. It should 
be reevaluated for suitability in user application every year. 

SOLUBILITY / SOLUTION STABILITY: 

Sigma assays chymostatin in glacial acetic acid at 10 mg/mL, obtaining a clear solution that is usually 
colorless but can be yellow in appearance. 4 

It is reportedly also soluble in DMSO, only slightly soluble in water, short -chain alcohols, and insoluble in 
ethyl acetate, butyl acetate, ether, hexane, petroleum ether and hexane. 5,0 Stock solutions can also be 
made in 0.1 M HCI but 10 mM stock solutions can be prepared in DMSO and are stable for months at 
-20EC. Dilute solutions (10-100 nM) are stable for several hours. 7 

USAGE: 

Chymostatin is a strong inhibitor of many proteinases, including chymotrypsin, chymotrypsin-like serine 
proteinases, chymases and lysosomal cysteine proteinases such as cathepsins B, H and L. 7,8 It weakly 
inhibits human leucocyte elastase. 9 It is effective at a final concentration of 6£0 ug/mL (10-100 joM), 
although the working solution is not stable (the terminal aldehyde is subject to oxidation.) Chymostatin is 
often included in "protease inhibitor cocktails", for plant extracts. 7 




SIGMA 



0 0 0 o 

II II II II 

HO-C-CH-NH-C-NH-CH-C-X-NH-CH-CH 




Chymostatin A: X=L-Leu 
Chymostatin B: X=L-Val 
Chymostatin C: X=L-Ile 
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Nur fQr Forschungszwecke. Nicht fur den Gebrauch In der 
klinisch-chcmischen Diagnostic 

Leupeptin 

Ac-Leu-Leu-argininal • V 2 H 2 S0 4 
Synthetische, weifses Pulver 

Best. Nr. 1017 101 5 mg BUUHESII 

Best. Nr. 1 01 7 128 25 mg Stabil bei 2-8° C 

Best. Nr. 1 034 626 50 mg 
Best. Nr. 1 529 048 100 mg 



Einleitung 

Handelsform 

Molekular- 
gewicht 

Struktur 



Synthetisches, weiBes Pulver. 



475.6 (Leupeptin x 1/2 HjSO*), 
493.6 (Leupeptin x 1/2 H^O* x H 2 0) 

Formcl: C 2 oH3aN fl 0 4 x 1/2 H^O^ 



Toxizitat 

Typische Analyse 

Zellpermeabilitat 

Anwendungs- 
koruentration 

Entfemung von 
Leupeptin 

Lfislichkeit 



Ubersicht 




»V 2 H 3 S0« 



LD 50 (Maus und Kaninchen, oral) 1.5 g/kg (4). 



Funktionsgetestet mil Trypsin. 



Leupeptin ist nicht zellpermeabel. 



0.5-5 ug/ml. 



Aus dem Reaktionsansatz lafct sich Leupeptin durch 
Dialyse entfemen. 

• Gut loslich in Wasser (c = 1 mg/ml), Methanol, Etha- 
nol. Essigsaure, Dimethylformamid und Dimethyl- 
sulfoxid. 

• Gering I6slich in Aceton, Chloroform. Elhylether und 
n-Hexan. 

Proteaseninhibitoren sind weit verbreitet in Tieren. 
Pflanzen (1) und Mikroorganismen (2 - 7). Diese natur- 
lich vorkommenden Verbindungen sind ausschlieGlich 
Oligo- oder Polypeptide, teilweise auch Glycoproteide. 
Kulturfiltrate von verschiedenen Streptomyces-Spezies 
sind eine reiche Quelle von peptidartigen Proteasenin- 
hibitoren (8). Im Gegensatz zu ihren verwandlen 
Verbindungen von Tieren und Pflanzen besilzen die 
bakteriellen Proteaseninhibitoren nur geringes Mole- 
kulargewicht Verglichen mit konventionellen synthetis- 
chen Proteaseninhibitoren sind sie spezifischer, aktiver 
bei niedriger Konzentration und zeigen geringere Tox- 
izitaL 

Leupeptin selbst ist ein Tripetidderivat dessen a-Ami- 
nogruppe acetyliert isL Der C-Terminus tragt eine Alde- 
hydgruppe anstatt einer Carboxylfunktion. 



Wirkmecha 
nismus 



Lagerung 1 
Stabilitat 



Anwendung Leupeptin hemmt Serin- und Thiolproteasen wie 

Trypsin, Plasmin, Proteinase K, Kattikrein, Papain, 
Thrombin sowie Cathepsin A und B. Deshalb werden 
mikrobielle Proteaseninhibitoren wie Leupeptin, Anti- 
pain*, Chymostatin', Pepstatin* und Phosphoramidon* 
fur den Schutz von Proteinen wahrend ihrer Isolation 
von Geweben oder Membranen eingesetzt Nicht 
gehemmt werden a-, [}-, y- und 8- Chymotrypsine. Pep- 
sin, Cathepsin D, Elastase, Renin und Thermolysin. 

Die starke Hemmwirkung wird erklart durch die Bil- 
dung eines kovalenten Hemiacetals zwischcn der Alde- 
hydgruppe im Inhibitor und der Hydroxylfunktion des 
Serin im aktiven Zentrum der Protease (9). 

Das Pulver ist bei 2-8*C bis zu dem auf dem Etikett auf- 
gedruckten Verfallsdatum stabil. 

/f/nwe/s: Trocken lagern. 

In waBriger Losung ist Leupeptin, unter Stickstoff 
gelagert, bei 2-8°C mindestens 1 Monat stabil und bei 
-15 bis -25°C mindestens 6 Monale. Es wird emp- 
fohlen, den einmal gelosten Inhibitor in Aliquots ein- 
zufrieren, urn wiederholtes auftauen und einfrieren zu 
vermeiden. 

S pezifitai Spezifitat von Leupeptin gegenuber verschiedenen Pro- 

tea sen C9. 10): 

^a-N-Benzoyl-L-arginine-ethylester-HCI 
2 ' a- N - Ca rbobe nzoxy- L- g I utamyl- L- tyrosi ne 
9 a-N-Benzoyl-L-argininamid-HCI 
Hinweis: Zur Austestung weiterer Proteaseninhibi- 
toren empfehlen wir unseren Proteasen Inhibitoren Set 
(Best. Nr. 1 209 893). Das Set enthalt Antipain (HCy, 
Aprotinin, Bestatin, Chymostatin, E-64, EDTA-Na 2 . Leu- 
peptin, Pefabloc 13 SC. Pepstatin und Phosphoramidon. 



Enzym 


Substrat 


ID50 Cpg/ml) 


Plasmin 


Fibrin 


8 




Casein 


36 


Trypsin 


Casein 


2 1 


Hamoglobin 


5 


Papain 


Casein 


0.51 


Hamoglobin 


0.15 


Kallikrein 


BAEE' J 


70 


Cathepsin A 


Cb-Glut-Tyr^ J 


1.7 


Cathepsin B 


BAA*-> 


0.44 



0103.116011990 




Best Available Copy 



icuiveiy diocks MtKb iv cnanneis. 
Jubility 

'ater ..." soluble 




5060-.1MG 0.1 mg 107.5C 

>~ r ~ w '* r *~ , ****'»i »»»•«, »,,,,..,,,,, ,,, ■ 

^$0: : 5MG o.5 mg 402.0C 
5060- IMG T'mg 600.0C 



CH 3 




HO^ A N^f C 
O H MH 



CH 3 
O 



111 



HN 
H 2 N H 

...... . "3<arboxyoxiran-2<arbonyk-leucylagmatine; N-(trans- 

oxysuccinylK-leucine 4-guanidinobutylamide; trans-Epoxy- 
" , ny|- L -leucylamido(4-guanidino)butane 

27N5O5 FW 357.41 [66701-25-5] 
active irreversible inhibitor of cysteine proteases that does no 
^cysteine residues in other enzymes or react with low 
i. ecular weight thiols such as calpain and cathepsin B. Effectiv 
pntration 1-10 uM. 
|bility 

solution .. 1 mM, Stock Solutions stable for months at -20 



P4/25 



2~8°C 



inhibitor of thermolysin (Kj = 2 nM) than phosphor- 
amidon. Therefore, the rhamnose moiety of 
phosphoramidon is not involved in protease 
inhibition. 

Analysis Information: 
Assay (from the literature) 1 : 

. thermolysin _ § t . t v 
casein ► peptides (uninhibited rate) 

thermolysin + phosphoramidon - thermolysin* phosphoramidon 
residual 

casein ► peptides (inhibited rate) 

thermolysin 

The inhibitory activity of phosphoramidon is expressed 
as per cent inhibition of a standard thermolysin prepara- 
tion at pH 7.5. 

Boehrlnger Mannheim quality control assay: 

Phosphoramidon (assay concentration « 42 ^g/ml) 
inhibits >50% of thermolysin activity (100% activity 
=0.08 U; casein as substrate) at 35°C and pH 7.2. 

BM preparation: 

Physical form Cat. No. Pack size 

Lyophilizate 874 531 5 mg 

References: 

1. Umezawa. H. (1976) Methods Enzymot. 45, 67S-695. 

2. Aoyagi, T. & Umezawa, H. (1975) Cold Spring Harbor Conf. Cell 
Proliferation. 2. 429-454. 

3. Aoyagi, T. & Umezawa, H. (1975) in Proteases and Biological Con- 
trol (Reich, E. et al., eds), pp. 429-454, Cold Spring Harbor 
Laboratory, Cold Spring Harbor, N.Y. 

4. Aoyagi, T. & Umezawa, H. (1981) Acta Biol. Med. Ger. 40, 
1523-1529. 



TLCK 

Trypsin inhibitor 

H2 H2 H2 H2 H j? H2 
C-C-C-C-C-C-CCI 

NH 2 NH 




CH 3 



From the Literature 1 2 : 

Chemical name: 1 -Chloro-3-tosylamido-7-amino- 
2-heptanone (N-Tosyl-L-lysine chloromethyl ketone) 
[Tosyl = 4-toluenesulfonic acid]. Inhibits: trypsin and 
other endoproteinases which cleave specifically next 
to a lysine residue, some other serine proteases (throm- 
bin, plasmin, kallikrein, endoproteinase Arg-C, 
endoproteinase Lys-C), some thiol proteases (ficin, 
papain, bromelain), clostripain. Does not inhibit: 
chymotrypsin, endoproteinase Glu-C, metallo- 
proteases, exopeptidases, trypsinogen, trypsin-inhibitor 
complexes {e.g., trypsin-benzamidine). Mechanism: 
TLCK forms a bond with a histidine residue in the 
active center of trypsin. The inhibitory activity of TLCK 
requires enzymatic activity; it will not form a covalent 
bond with zymogens (trypsinogen) or inactive protease- 
inhibitor complexes. The action of TLCK requires 
access to the active site; it is blocked in the presence 
of substrate or competitive inhibitors (benzamidine) of 
the enzyme. M r : TLCK«HCI , 369.3. General proper- 
ties: Salts of TLCK are soluble in H 2 0, insoluble in 
absolute ethanol. 

From Boehrlnger Mannheim (BM) Laboratories: 
BM preparation supplied as: crystallized 
hydrochloride, approx. 98% pure. Stock solution: 
20 mg/ml in H 2 0 (approx. 54 mM). Store the stock 
solution at 4°C. Stability in solution: TLCK is stable 
(25°C) at pH £6; it rapidly decomposes at pH >7.5 
(t^sS min at pH 9, 25°C). Working concentration: 
>0.1 mM (;>37 figlml) (in buffer at pH 2>7). TLCK 
should be added fresh to solutions just before use. 

Technical Tips: 

• TLCK is unstable in alkaline solution 1 . Therefore, it 
should be added to buffers at or above pH 7 just 
before they are used. 

• At 25°C and pH 7.0, 45 fiM TLCK will give 50% 
inactivation of trypsin in <3 min 1 . At 25°C and 
pH 6.8, 1 .26 mM TLCK will give 50% inactivation of 
trypsin in approx. 30 s. 



121 



168 

j—CH 2 OH 

Sepharose CL-6B 

Periodate oxidation 



3. Immobilization of Ligands 



j—CHO 

I NH 2 (CH 2)3~NH — (CH 2 ) 3 — NH 2 
J Diaminodipropylamine 

r-CH 2 — NH — (CH 2 ) 3 -NH— (CH 2 ) 3 -NH 2 
Immobilized diaminodipropylamine 



Succinic anhydride 
:— CH 2 -NH — (CH 2 )3-NH-tCH 2 )3-NH-CO-CH 2 -CH 2 -CCX)H 



p-Aminobenzamidine 
= CH 2 — NH — (CH 2 



NH 2 
enzamidine 

)5~NH (CH 2 ) 3 ~NH~'CO~CH 2 ~CH 2 ~ CO~ HN ^ ^ = 



NH 
NH 2 



Immobilized p-aminobenzamidine 



FIGURE 3.17 

Reaction sequence for the preparation of immobilized /?ar<j-aminobenzarnidine. 



IMMOBILIZATION PROTOCOL 

Immobilized DADPA is prepared as described in Section 3.1.1.1, immobi- t-> 
lized 6-AC as in Section 3.1.1.3, and succinylated DADPA as in Section 

3.1.1.8. * r \ 

1 . i 
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1390 25 Oxidationen 



Schema ISA. Nucleophile und solvolytische Ringoffaung von Epoxiden. 
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C. Nadeophtte Ringdffnongeo 
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7* Q OH 

HjC '/\ H + HN \ — •> <CH,),CCHN \ fiODX) 
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REACTION 0-53 



REACTIONS 369 



The reaction between epoxides and ammonia is a general and useful method for the preparation of 
p-hydroxy amines. ai Ammonia gives largely the primary amine, but also some secondary and tertiary 
amines. The useful solvents; the ethanolamines, are prepared by this reaction. Primary and secondary 
amines give, respectively, secondary and tertiary amines, e.g., 



RNH, 



-B- 

OH NHR 



Episulfides, which can be generated in situ in various ways, react similarly to give 0-amino 
mercaptans, 644 and aziridines give 1 ,2-diamines. 685 Triphenylphosphine similarly reacts with epox- 
ides to give an intermediate that then undergoes elimination to give olefins (see the Wittig reaction, 
6-47). 

There are no OS references, but see OS 58, 86 for a related reaction. 

0-52 Amination of Alkanes 

Amino-de-hydrogenation or Amination 

R,CH + NCI,-^ R,CNH 2 

Alkanes, arylalkanes, and cycloalkanes can be aminated, at tertiary positions only, by treatment 
with trichloroamine and. aluminum chloride at 0 to. KPC. 6 * 6 For example, p-cymene (p-Me- 
C 6 H 4 CHMe 2 ) gives p-MeC^CM^NHj, methylcyclopentane gives 1-amino-l-methylcyclopentane, 
and adamantane gives 1-aminoadamantane, all in good yields. This is a useful reaction, since there 
are not many other methods for the preparation of f-alkylamines. The mechanism has been ration- 
alized as an SnI process with H~ as the leaving group: 6 * 6 



NCI 3 + AICI3 



R 3 C + 



(ci 2 N-Aici 3 )-cr 



RjCNCI 2 



See also 2-10. 
OS V, 35. 

0-53 Formation of Isonitriles 



CHCI, + RNH 2 



R — N=C e 



Reaction with chloroform under basic conditions is a common test for primary amines, both aliphatic 
and aromatic, since isonitriles have very strong bad odors. The reaction probably proceeds by an 
SnIcB mechanism with dichlorocarbene as an intermediate: 



II 

H* RNH, „ e ^ J.® _ -2HCi e ^ 



CHC1 3 + OH" —pr* CCh — - CI— C— N— R 

I I 
CI II 



C=N— R 



♦"FOr an example, see McManus, Larson, and Heam, Synth. Commun. 3, 177 (1973). 

"'Reynolds, Massad, Fields, and Johnson. J. Org. Chem. 26, 5109 (1961); Reynolds, Fields, and Johnson. J. Org. Chem. 
26, 5111. 5116. 5119. 5125 (1961); Wineman, Gollis. James, and Pomponi. J. Org. Chem. 27, 4222 (1962). 
441 For a review, see Dcrmcr and Ham, Rcf. 367. pp. 262-268. 

**Kovacic and Chaudhary. Tetrahedron 23, 3563 (1967); Strand and Kovacic. Ref. 663: Wnuk. Chaudhary. and Kovocic. 
J. Am. Chem. Soc. 98, 5678 (1976), and references ciled in these papers. 



